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This invention relalES to whole antibodies of neutral isotype having spsxA&dty for 
vectors), pbaimaceudcal compositions containing them, and their use in therapy (e.g. fo 

' xlies are variants of natural antibodies altered in die Fc region, especially in the CHa domain, 
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Antibodies against E-selectIn 

FtELQ OF THE INVENTION 

5 This invention relates to antibodies fiaving specificity for E-selectin 
characterised in that said antibodies are whole antibodies of neutral 
isotype, to processes for preparing said antibodies, to pharmaceutical 
compositions containing said antibodies, and to medical uses of said 
antibodies. 

10 

BACKGROUND OF THE INVENTION 

Selectins are a family of structurally related transmembrane glycoproteins 
implicated in the adhesion of leukocytes to vascular endothelial cells. The 

three known members, designated E-, P- and L- sslectin are composed of 
15 three types of domain, an amino terminal C-'type lectin domain, one EGF- 
like domain and between two and nine complementary regulatoty repeats. 
Stimulation of endothelium by inflammatory cytokines e.g. 11-1, or TNF 
results in the upreguiation of E-selectin expression on the cell surface. 

20 Experiments in v itrp have shown that E-selectin can support the adhesion 
of polymorphonuclear cells, monocytes and a subpopulatlon of T- 
iymphocytes (see for example, Bevilacqua et al (1989) Science 2^ 1160- 
1165; Picker et al (1991) Nature MS 796-799 and Leeuwenberg al 
(1992) Scant. J. Immunol 3S 335-341). Mouse antibodies to E-selectin 

25 that block PMN binding in vitro have been shown to reduce extravasation 
of PMNs (neutrophils) in animal models (Mulligan, M. et g/, J. Clinical 
Investigation gS., 1396-1406 (1991) and Gundel, R. et al. J. Clinical 
investigation iS. 1407-1411 (1991)). 

30 E-selectin thus appears to play a key role in the movement of leukocytes 
to sites of inflammation due to injury or infection. A corollary of this is that 
the expression of E-selectin is increased in certain inflammatory diseases, 
l-ience E-selectin contributes to the disease process by supporting the 
adhesion of leukocytes which in turn cause tissue damage. It follows that 

35 an antibody to E-selectln that blocks this process would attenuate the 
extent or severity of the inflammation and hence be of therapeutic benefit. 
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Since most available monoclonal antibodies are of rodent origin, tliey are 
naturally antigenic in humans and thus can give rise to an undesirable 
immune response termed the HAMA (Human Anti-Mouse Antibody) 
5 response. Therefore, the use of rodent monoclonal antibodies as 
therapeutic agents in humans is inherently limited by the fact that the 
human subject will mount an immunological response to the antibody and 
will either remove it entirely or at least reduce its effectiveness. 

1 0 Proposals have been made for making non^iuman MAbs less antigenic in 
humans using engineering techniques. These techniques generally 
involve the use of recombinant DNA technology to manipulate DNA 
sequences encoding the polypeptide chains of the antibody molecule. A 
simple form of engineering antibodies involves the replacement of the 

1 5 constant regions of the murine antibody w/ith those from a human antibody 
(Morrison els! (19841 Proc. -•-Jatl. Acad. Sci. USA 81 6851-55; Whittle sLM 
(1987) Prot. Eng. :< ^i!.:;^ fhe lowering of the level of the HAMA 

response to the chimenc antibodies leads to the expectation that further 
engineering of the variable region outside of the antigen binding site may 

20 abolish the response to these regions and further reduce any adverse 
response. 

A more complex form of engineering ot an antibody involves the redesign 
of the variable region domain so that the amino acids constituting the 

25 murine antibody binding site are integrated into the framework of a human 
antibody variable region. This has led to the reconstitution of full antigen 
binding activity in a number of cases (Co et at (1990) J. Immunol. 148 
1149-1154; Co sLm! (1992) Proc. Natl. Acad. Sci. USA m 2869-2873; 
Carter eiMl (1992) Proc. Natl. Acad. Sci. Sg 4285-4289; Routiedge sLM 

30 (1991) Eur, J. immunol. 21 2717-2725 and International Patent 
Specifications Nos. WO 91/09957; WO 91/09968 and WO 92/1 1383). 

Naturally occurring and engineered human antibodies may be regarded as 
bifunctional agents, with the N-terminal variable region responsible for 
35 antigen binding and sequences within the C-terminal part responsible for 
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determining interactions with the various ceil types which participate in 
immune responses. Recognition of these effector sites on antibodies by 
specific cell surface receptors on cytotoxic cells can result in antibody- 
dependent cellular cytotoxicity and complement mediated lysis. This can 
5 result in killing of the ceil presenting the antigen. 

E-selectin is expressed on the surface of endothelial ceils. The loss of 
endothelial ceils as a result of antibody bound to target antigen is highly 
undesirable. Endothelial cells make up the endothelium which forms a 

10 barrier between the tissues of the body and the vascular system. The 
loss of or damage to the structural integrity of the endothelium is extremely 
disadvantageous and can lead to oedema and vasculitis. It is highly 
advantageous therefore to avoid depletion of the endothelial cell 
population while blocking the target antigen. Recent papers by Podoisky 

15 et al U. Clin. Invest. 92 (1993) 372-380), Westphal sL&l Clin. Exp. 
Immurio!. 93. 444-449 (1994)., and the Editorial Lancet 327 (1991) confirm 
that thf! u.se of whole antibody is undesirable due to undesirable effector 
functions mediated via the Fc region of the antibody. Another group has 
attempted to overcome the problem of undesirable effector functions by 

20 the use of antibody fragments lacking the effector signals which result in 
antibody-dependent cellular cytotoxicity (Mulligan et al, J. Clinicai 
Investigation Sfi, 1396-1406 (1991)). Antibody fragments are known, 
however, to have a short half-life (Pimm et Ml Nuclear Medicine 
Communication Ifi, 585-593 (1989); Molthoff £La/ Br. J. Cancer fiS. 677- 

25 683 (1 992) and Buist sLal Cancer Res. S3. 541 3-541 8 (1 993)) making their 
therapeutic usefulness in the treatment of many diseases extremely 
limited. 

DESCRIPTION OF ASPECTS OF THE INVENTION 

30 The present invention provides a novel solution to this problem of 
preventing depletion of the target endothelial cell population. We have 
found that by making a whole anti-E-selectin antibody of neutral isotype it 
is possible to produce a therapeutically useful antibody which does not 
result in endothelial cell depletion. 

35 
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In a first aspect the invention therefore provides an antibody having 
specificity for E-selectin characterised in that said antibody is a whole 
antibody of neutral isotype. 

5 In a preferred embodiment of the first aspect of the invention the antibody 
has specificity for human E-selectin. 

The antibodies according to the invention preferably recognise the E- 
selectin lectin or EGF domain. 

10 

As used herein the term 'whole' antibody is used to denote an antibody 
comprising substantially full length heavy and light chains, and antibodies 
to which amino acids have been substituted, altered, added and/or 
deleted. 

15 

The approach of using a whole antibody of neutral isotype has not been 
tried before in this area. The term 'neutral isotype' means that the 
interactions with antibody Fc receptors i.e. FcRI, FcRll and FcRill and 
complement are absent or so weak as to cause minimal detrimental 

20 physiological effects such as antibody dependent cellular cytotoxicity 
(ADCC) and/or complement mediated lysis and also the antibody 
produces a minimal immune response in the host. As used herein the 
term 'minimal immune response' is used to denote a typical primate 
immune response to an iv injection of a human or engineered human 

25 antibody. 

Anti-E-selectin antibody may be prepared using well-known immunological 
techniques employing E-selectin as antigen. Any suitable host may, for 

example, be immunised with E-sslectm or activated HUVEC (human 
30 unis'lrel i .-< onr g a ■■ -i'" tes or lymphocytes recovered 

and immortalised using for example the method of Kohier et al. Eur. J. 
Immunol, g,, 511 (1976). The resulting cells are diluted and cloned to 
obtain a single genetic line producing anti-E-selectin antibodies in 
accordance with conventional practice. Where it is desired to produce 
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recombinant anti-E-seiectin antibodies tliese may be produced using 

methods well known in the art. 

Several regions of the Fc region of antibodies have been implicated in 
5 modulating effector functions (see for example European Patent No. 
307434B and Lund sLa/ {1991 ) J- Immunol. 1422657-2662). For example 
Lund etal (1991) and other groups have Implicated Leu 235 in the CH2 

domain of human igG3 heavy chain in binding of antibody to the high 

affinity receptor on mononuclear phagocytes (FcRl). Thus by altering this 
1 0 residue it is possible to produce an antibody lacking FcRI binding activity. 

In a further aspect the invention provides an antibody characterised in tfiat 

said antibody is a whole antibody of neutral isotype having specificity for 
E-selectin wherein one or more amino acid residues in tha Fc region of 
15 said antibody has been altered from that in the naturally occurring 
sequence. 

In a preferred embodiment of this aspect the invention therefore provides 
an antibody characterised in that said antibody is a whole antibody of 
20 neutral isotype having specificity for E-seiectIn wherein one or more amino 
add residues in the Fc region of said antibody including residue 235 in the 
CH2 domain has been altered from that in the naturally occurring 
sequence. 

25 Residue 235 occurs in the N-terminal region of the CHg domain of the 
heavy chain. We have found altering the naiiiFoit/ "( t^'u,,uc-> ,,. i .< . 
residue Leu 235 to an alanine is particuir-i , • ! 
conservative nature of the amino acid change ;s Ibks lii, jiy [i.ocJuce 
undesirable structural changes In the molecule, which may result in the 

30 antibody being immunogenic. 

in a preferred embodiment the antibody of the invention has an alanine 
residue at position 235 in the CHs domain and in a particularly preferred 
embodiment the antibody has a human y4 isotype. 
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Alteration of antibody side chain interaction with FcRI receptor may 
similarly be achieved by replacing leucine with isoleucine, valine, 
threonine or glutamic acid. It will be readily apparent to one skilled in the 
art that a number of other substitutions are possible within the overall aim 
5 of not introducing any undesirable structural changes in the molecule, 
which may lead to immunogenioity. 

Where the antibody has Isotypes such as human yi, Y2 or 73 it will be 
apparent to one skilled in the art that further alterations to amino acid 

10 residues will be required to alter FcRI, FcRII and FcRIII binding where 
appropriate and also to minimise complement fixation. For example, 
alteration of residues 235 and 234 of the heavy chain of n, and 73 
antibodies is known to affect FcRI and FCRIi binding (Burton and Woof 
Adv. Immunol (1992) 1: Academic Press), and similarly amino acid 

15 residues 234, 235, 330, 331, 318, 320 and 322 have been shown to be 
involved in binding and activation of complement (Xu ef,a/ (1994) J. Bioi. 
Chem 2ga (5) 3469-3474, Published European Pateni Nu. 1 "iy-fKAl- 
and published International Patent Application No. WO 9429351). See 
also. Woof efa/Mol. Immunol 22 319-330 (1986), Burton etat Nature ggg 

20 338-44 (1980): Burton Mol. Immunol 2Z 161-206 (1988); Leatherbarrow 
a/ Mol. Immunol 22 407-415 (1985); and Duncan etal Nature 332 563-4 
(1988). The antibodies of the invention preferably have a human Isotype, 

The standard techniques of molecular biology may be used to prepare 
25 DNA sequences coding for the antibodies according to the invention. 
Desired DNA sequences may be synthesised completely or in part using 
oligonucleotide synthesis techniques. Site-directed mutagenesis and 
polymerase chain reaction (PGR) techniques may be used as appropriate. 

30 Suitable processes which may be used to alter the residue at position 235 
include the PGR strand overlap procedure PGR mutagenesis, as 
described for example in the teaching of PGR Technology Principles and 
Applications for DNA Amplification (1989), Ed. H.A. Eriich, Stockton Press, 
N.Y., London, and oligonucleotide directed mutagenesis (Kramer ef a/. 



64-8 



wo 95/26403 



PCT/GB95/00692 



7 

(Nucleic. Acid. Res. IZ. 9441 (1984)). Suitable methods are also 
disclosed in Published European Patent No. EP307434B. 

The alteration at position 235 or any other position of the molecule may be 
5 introduced at any convenient stage in the antibody production process. 

For example, where the antibody is a CDP.-grafted antibody, the change 
may be made before, or more conveniently after CDR-grafting has been 
completed. This is described in more detail In the accompanying 
examples. 

10 

In a preferred embodiment the antibody molecule of the invention is an 
IgG and most preferably has a human 74 isotype. 

It has further been found (Angai et ai (1993) Molecular Immunol 2Q 1 0S- 
IS 108) that the sequence of the hinge region of antibodies of the isotype, 
i.e. Cys-Pro-Ser-Cys can give rise to alternative fonns of the antibody in 
association with correctly folded and assembled forms. This can be 
overcome by altering the Ser residue at position 228 to a Pro residue 
using for example site directed or oligonucleotide directed mutagenesis. 
20 Tiie an'ii-E selectin antibodies of the invention which are of 74 isotype 
preferably have the sequence Cys-Pro-Pro-Cys at the hinge region, and 
most preferably also have an alanine residue at position 235 in the CH2 
domain. 

25 The residue numbering used herein is according to the EU index 
described in Kabat et al [(1991) in: Sequences of Proteins of 
Immunological interest, 5th Edition, United States Department of Health 
and Human Services]. 

30 The antibodies of the invention are preferably engineered human 

antibodies, most preferably CDR-grafted antibodies. 

In a preferred embodiment the invention therefore provides an engineered 
human antibody having specificity for E-selectin characterised in that said 
35 antibody is a whole antibody of neutral isotype. 
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The term engineered human antibody molecule is used to describe a 
molecule having an antigen binding site derived from an immunoglobulin 
from a non-human species, the remaining immunoglobuiin-derived parts of 
5 the molecule being derived from a human Immunoglobulin. The auitigen 

binding site may ccmprise either complete variable regions fused onto 
human constant domains or oniy the complementarity detennining regions 
(CDRs) grafted onto appropriate human framewort< regions in the variable 
domains. 

10 

The whole anti-E-seleotin antibodies of neutral isotype according to the 

invention are preferably engineered human antii^odies wherein one or 
more amino acid residues in the Fc region of the antibody has been 
altered from that in the naturally occurring sequence. 

The present invention provides an engineered human antibody molecule 
having specificity for E-selectin characterised in that said antibody is a 
whole antibody of neutral isotype and has an antigen binding site wherein 

at least ons of the complementarity determining regions of the variable 
20 domain is derived from a non-human monoclonal antibody and the 
remaining immunoglobuiin-derived parts of the engineered human 
antibody molecule are derived from a human immunoglobulin. 

The engineered human antibody molecule may comprise a chimeric 
25 antibody or a CDR-grafted antibody. When the engineered human 
antibody moieoule comprises a CDR-grafted antibody, the heavy and/or 
light chain variable domains may comprise only one or two non-human 
derived CDRs; though preferably all three heavy and light chain CDRs are 
derived from the non-human antibody. 

30 

The non-human antibody is preferably ENA-2. ENA-2 is a mouse 
IgGI/kappa antibody that binds to the lectin/EGF region of human E- 
selectin and blocks cell binding. (Leeuwenberg et al (1990) 
Transplantation Proceedings 2£ (4) 1991-1993). 

35 
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The human immunoglobulin derived parts of the engineered human 
antibody molecule may be derived from any suitable human 
immunoglobulin. For instance w/here the engineered human antibody 
molecule is a CDR-grafted antibody molecule, appropriate variable region 

5 frameworl? sequences may be used having regard to class/type of the 
donor antibody from which the antigen binding regions are derived. 
Preferably the type of human framework used is of the same/similar 
class/type as the donor antibody. Advantageously the framework is 
chosen to maximise/optimise homotogy with the donor antibody sequence 

10 particularly at positions spacially close or adjacent to the CDRs. 
Examples of human frameworks which may be used to construct CDR- 
grafted antibodies are LAY, POM, TUR, TEI, KOL, NEWM, REl and EU; 
for instance KOL and NEWM for the heavy chain and REl for the light 
chain and EU for both the heavy chain and light chain. 

15 

In a preferred method the human frameworks are chosen by comparing 
the sequencEi.s of the donor and acceptor heavy and light chains and 
choosing the human framework sequence which is most homologous to 
the donor antibody. 

20 

The ENA-2 Vh domain shows closest sequence homology to group 1 
human heavy chains and consequently the group 1 human antibody Eu 
was chosen as the framework for both the heavy and light chain variable 
domains. 

25 

The light or heavy chain variable domains of the engineered human 
antibody molecule may be fused to human light or heavy chain constant 
domains as appropriate, (the term Fc region and 'heavy chain constant 
domains' as used herein are to be understood to include hinge regions 
30 unless specified otherwise). The human constant domains of the 
engineered human antibody molecule, where present, may be selected 
having regard to the proposed function of the antibody, in particular the 
lack of effector functions which may be required. 
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For example, the heavy chain constant domains fused to the heavy chain 
variable region may be human IgA, IgG or IgM domains. Preferably 
human IgG domains are used. Depending on the choice of human 
constant domains it may be necessary to alter specific amino acid 
5 residues to remove any undesirable effector function in order to produce 
an antibody of neutral isotype by, for example, using site directed or 
oiigonucieotide directed rriutagenssis. Light chain humaxt constant 
domains which may be fused to the light chain variable region include 
human Lambda or human Kappa chains. 

10 

Analogues of human constant domains may alternatively be 
advantageously used. These include those constant domains containing 
one or more additional amino adds than the corresponding human domain 
or those constant domains wherein one or more existing amino acids of 
15 the corresponding human domain has been substituted, added, deleted or 
altered. Such domains may be obtained, for example, by oligonucleotide 
directed mutagenesis. 

Also human constant region domains of the engineered human antibody 
20 molecule may be selected having regard to the neutral isotype required for 
the antibody as defined previously. 

By appropriate choice of immunoglobulin isotype it is possible to produce 
an antibody where antibody dependent complement fixation and where 
25 interaction with FoRI, FcRII and FcRIII are minimised e.g. by choosing a 

human j4 isotype. 

The invention further provides a process for the production of an antibody 
having specificity for E-selectin characterised in that said antibody is a 
30 whole antibody of neutral isotype which process comprises: 

a) producing in an expression vector an operon having a DNA sequence 
which encodes said antibody heavy or light chain; 
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b) producing in an expression vector an operon having a DNA sequence 
whicli encodes a complementary antibody iieavy or light chain; 

c) transfecting a host ceil with both operons and 

5 

d) cuituring the transfected cell line to produce the antibody. 

According to a preferred embodiment of this aspect of the invention there 
is provided a process for producing an engineered human antibody having 
10 specificity for E-seiectin characterised in that said antibody Is a whole 
antibody of neutral isotype which process comprises; 

a) producing in an expression vector an operon having a DNA sequence 
which encodes an antibody heavy or light chain comprising a variable 
1 5 domain wherein at least one of the CDRs of the variable domain is 

derived from a non-human immunoglobulin and the remaining 
immunoglobulin-derived parts of the antibody chain are derived from 
a human Immunoglobulin; 

20 b) producing in an expression vector an operon having a DNA sequence 
which encodes a complementary antibody light or heavy chain 
comprising a variable domain wherein at least one of the CDRs of the 
variable domain is derived from a non-human immunoglobulin and 
the remaining immunoglobulin-derived parts of the antibody chain are 

25 derived from a human immunoglobulin; 

c) transfecting a host cell with both operons; and 

d) cuituring the transfected cell line to produce the engineered human 
30 antibody molecule. 

The CDRs of the variable domain are preferably derived from the same 
non-human immunoglobulin which is most preferably ENA-2. 
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tn a particularly preferred embodiment of this aspect of the invention, at 
least one of the expression vectors contains a DNA sequence encoding an 

antibody heavy chain wherein one or more amino acid residues in the Fc 
region of said antibody most preferably including residue 235 in the CH2 
5 domain has been altered from that in the naturally occurring sequence 

The change at amino acid residue 235 or at any other position may also 
be made after the whole antibody has been assembled using techniques 
such as site directed mutagenesis. 

10 

The cell line may be transfected with two vectors, the first vector 
containing the operon encoding the light chain-derived polypeptide and the 
second vector containing the operon encoding the heavy chain derived 
polypeptide. Preferably the vectors are identical except in so far as the 
15 coding sequences. and selectable markers are concerned so as to ensure 
as far as possible that each polypeptide chain is equally expressed. 

Alternatively, a single vector may be used, the vector including a 
selectable marker and the operons encoding both light chain- and heavy 
20 chain-derived polypeptides. 

In further aspects, the invention also includes DNA sequences coding for 
the heavy and light chains of the antibodies of the present invention, 
cloning and expression vectors containing these DNA sequences, host 
25 cells transformed with these DNA sequences and processes for producing 
the heavy or light chains and antibody molecules comprising expressing 
these DNA sequences in a transformed host cell. 

The general methods by which the vectors may be constructed, 
30 transfection methods and culture methods are vjel'i t<nQwn Q3r_§s. (see for 
example Maniatis et al (1982) (Molecular Cloning, Cold Spring Harbor, 
New York) and Primrose and Old (1980) (Principles of Gene Manipulation, 
Blackwell, Oxford) and the examples hereinafter). 
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The DNA sequences wh.oh encoii i' e Sfit-'^ heavy and light chain 
variable domain arrnc ani «pqi = i^c- (-r«„ n - onesponding deduced 
amino acid sequences) are ga/en hereafter in Figure 1. 

5 DNA coding for human immunoglobulin seauences may be obtained in 

any appropriate way. For examole. amino acsa sequences of preferred 
human acceptor framev/oi - ^ . i ' M, kol, REl, EU, TUR, 
TEl and NEWM are widely available to workers in the art. 

10 The standard techniques of molecular biology may be used to prepare 

DNA sequences coding for CDR-grafted products. Desired DNA 
sequences may be synthesised completely or in part using oligonucleotide 
synthesis techniques. Site-directed mutagenesis and polymerase chain 
reaction (PGR) techniques may be used as appropriate. For eiample, 
15 oligonucleotide directed synthesis (Jones sLSl (1986) Nature S£l 522- 
525). Also oligonucleotide directed mutagenesis of a pre-existing variable 
domain region (Verhoeyen et at (1988) Science 2,3.9 1534-1536; 
Reichmann etal (1988) Nature 322 323-327). 

20 Enzymatic fiiling-in of gapped oligonucleotides using T4 DNA poiymerase 
(Queen et al (1989) Proc. Natl. Acad. Sci. USA SS. 10029-10033; 
International Patent Application No. WO 90/07861) may be used. 

Any suitable host cell/vector system may be used for expression of the 
25 DNA sequences coding the antibody heavy and light chains e.g. for the 
chimeric or CDR-grafted heavy and light chains. Bacterial e.g. E.coli and 
other microbial systems may be used. Eucaryotic e.g. mammalian host 
cell expression systems may aiso be used to obtain antibodies according 
to the invention, particularly for production of larger chimeric or CDR- 
30 grafted antibody products. Suitable mammalian host cells include CHO 
cells and myelcma or hybridoma cell lines, for example NSO celis. NSO 
ceils are particularly preferrec. 

In the engineered human antibody according to the invention, the heavy 
35 and light chain variable domains may comprise either the entire variable 
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domains of a non-human antibody such as the murine antibody ENA-2, or 
may comprise frameworl< regions of a human variable domain having 

grafted thereon one, some or ail of the CDRs of a non-human antibody 
such as the murine antibody ENA-2. Thus the engineered human 
5 antibody may comprise a chimeric engineered human antibody or a CDR- 
grafted engineered human antibody. 

When the engineered human antibody is a CDR-grafted antibody, in 
addition to the CDRs, specific variable region framework residues may be 

10 altered to correspond to non-human e.g. ENA-2 mouse residues. 

Preferably the CDR-grafted antibodies of the present invention include 
CDR-grafted antibodies as defined in our Intemationai Patent Specification 
No. WO-A-91/09967. The disclosure of WO-A-91/09967 is incorporated 
herein by reference. 

15 

Preferably the CDRs of the heavy chain correspond to the Kabat defined 
IVlAb ENA-2 CDRs at all of CDRI (31 to 35), GDR2 (50 to 65) and CDRS 
(95 to 1 02). In addition the heavy chain may have mouse ENA-2 residues 
at one or more of residues 48, 67, 69, 73, 93 and 94. Similarly the light 
20 chain may have mouse ENA2 residues at positions 48, 60, 63, 70, 111 
and 113. 

The present invention also includes therapeutic and diagnostic 

compositions comprising the antibodies of the invention and the uses of 
25 these products and the compositions in therapy and diagnosis. Such 
compositions typically comprise an antibody according to the invention 
together with a pharmaceutically acceptable excipient, diluent or carrier, 
e.Q. for in vivo use. 

30 Tl- 3 r, r f jrh_r I = r> "^n, c , icf<= l-erauentic or diagnostic 

composition comprising an antibocy according to ihe invention in 
combination with a pharmaceutically acceptable excipient, diluent or 
carrier. 



64-16 



wo 95/26403 



PCT/GB95/00692 



15 

The invention also provides a process for the preparation of a therapeutic 
or diagnostic composition comprising admixing an antibody according to 
the invention together with a pharmaceutically acceptable exoipient, 
diluent or carrier. 

5 

The antibody may be the sole active ingredient in the therapeutic or 
diagnostic composition or may be accompanied by one or more other 

active ingredients. The therapeutic and diagnostic compositions may be in 
unit dosage form, in whicti case each unit dose comprises an effective 
1 0 amount of the antibody of the invention. 

Furthermore, the invention also provides methods of therapy and 
diagnosis comprising administering an effective amount of an antibody 
according to the invention to a human or animal subject. 

15 

The antibodies and compositions may be for administration in any 
appropriate form and amount according to the therapy in which they are 

employed. 

20 The therapeutic or diagnostic composition may take any suitable form for 
administration, and, preferably is in a form suitable for parenteral 
administration e.g. by injection of infusion, for example by bolus injection 
or continuous infusion. It may for example be administered intravenously, 
intramuscularly, intradermally or intraperitoneally. Where the product is for 

25 injection or infusion, it may take the form of a suspension, solution or 
emulsion in an oily or aqueous vehicle and It may contain formulatory 
agents such as suspending, preservative, stabilising and/or dispersing 
agents. 

30 Alternatively, the antibody or composition may be in dry form, for 
reoonstitution before use with an appropriate sterile liquid. The antibody 
may also be formulated for topical administration. 

If the antibody or composition is suitable for oral administration, the 
35 formulation may contain, in addition to the active ingredient, additives such 
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as: starch - e.g. potato, maize or wheat starch or cellulose - or starch 
derivatives such as microcrystaliine cellulose; silica; various sugars such 
as lactose; magnesium carbonate and/or calcium phosphate. It is 
desirable that, if the formulation is for oral administration it will be well 
5 tolerated by the patient's digestive system. To this end, it may be 
desirable to include in the formulation mucus formers and resins. It may 
also be desirable to improve tolerance by formulating the antibody or 
compositions in a capsule which is insoluble in the gastric juices. It may 
also be preferable to include the antibody or composition in a controlled 
1 0 release form ulation. 

In a still further aspect of the invention, there is provided a method of 
treatment of a human or animal subject suffering from or at risk of a 
disorder associated with increased E-selectin expression the method 
15 comprising administering to the subject an effective amount of the 
antibody or composition of the invention. In particular, the human or 
animal subject may be suffering from an inflammatory disorder such as a 
skin disorder e.g. psoriasis. 

20 The antibodies of the invention are particularly useful in the ireatmenf oi 
inflammatory diseases generally. They are particularly useful in the 
treatment of inflammatory skin diseases e.g. psoriasis, contact dermatitis 
and eczema; inflammatory bowel disease e.g. Crohn's disease and 
ulcerative colitis, in lung inflammatory disorders, e.g. ARDS; arthritis, e.g. 

25 rheumatoid arthritis; vasculitis, liver disease e.g. alcoholic hepatitis and 
cirrhosis; and thermal trauma. 

Therapeutic and diagnostic uses typically comprise administering an 
effective amount of an antibody according to the invention to a human 
30 subject. The exact dose to be administered will vary according to the use 

of the antibody and on the age, sex and condition of the patient but may 

typically be varied from about 0.1 mg to lOOOmg for example from about 
Img to SOOmg. The antibody may be administersd as a single dose or in 
a continuous manner over a period of time. Varying doses may be 
35 repeated as appropriate. The antibody may be formulated in accordance 
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With conventional practice for administration by any suitable route and may 
generally be in a liquid form (e.g. a solution of the antibody in a sterile 
physiologically acceptable buffer) tor administration by for example an 
intravenous, intraperitoneal or intramuscular route. 

5 

Since the whole antibodies are of neutral isotype the interaction with Fc 
receptors will be minimal. This has the effect that such an antibody should 
bloclt greater than 80% of human neutrophil binding to E-seiectin in an m 
vitro assay and furthermore that this may be observed irrespective of the 
10 FcR status of the donor. We believe this may be a considerable 
advantage in that the antibody is suitable for administration to ail patients 
thereby avoiding the necessity of determining the FcR status of the patient 
prior to administration of the antibody. 

15 The antibodies according to the invention In in vitro assays show minimal 
binding to FcR1 carrying cells that do not express E-selectln thereby 
minimising the potential for ADCC. 

The antibody according to the invention may also be used for friflamed 
20 site-specific delivery of drugs, nucleic acid and proteins and fragments 
thereof, radionuclides or chelated metals and other therapeutic agents. 
The therapeutic agents may be linked directly to the antibody or via a 
carrier such as for example, a liposome, virus or viral particle where the 
therapeutic agent to be delivered Is incorporated as part of the carrier. 
25 This technology is well known in the art. Similarly the antibodies of the 
invention may also be used diagnosticaliy in the identification of areas of 
inflammation. The antibodies may be unlabelled or may be labelled for 
example with a radiolabel, e.g. a radionuclide; a chelated metal; a 
photochemical reagent, e.g. a fluorescent compound; a dye, or a label 
30 detectable via reaction with s.n enzyma, substrate or cofactor, or a 
compound detected via NMR or ESR spectroscopy. 

ppiEF DESQPIPTtON OF THE TOURgS 

The present invention is now described by way of example only, by 
35 reference to the accompanying drawings in which: 
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Figure 1 a shows the DNA and amino acid sequence of ENA-2 VI. 
Figure 1 b shows the DNA and amino acid sequence of ENA-2 Vh. 
Figure 2a shows the DNA and amino acid sequence of CDR-grafted 
ENA-2 Vh. 

Figure 2b shows the DNA and amino acid sequence of CDR-grafted 
ENA-2 VI. 

Figure 3a shows a graph of the competition binding activity of chimeric 
ENA-2. 

-a- mouse ENA2 

- - chimeric ENA2 

Figure 3b shows a graph of the competition binding activity of CDR- 
grafted ENA-2 antibody. 
— • — mouse ENA2 
--y-- hENA-2 

Figure 4a shows a graph of the ceil blocl<ing activity of chimeric and 
mouse ENA-2 antibodies. 

ENA2 1G 
• chimeric 

Figure 4b shows a graph of the cell bloci<ing activity of CDR-grafted 
and mouse ENA-2 antibodies. 
ENA2 FAB2 
ENA2 1G 

- hENA-2 

Figure 5 shows the sequence of mutagenic oligonucleotides. 
Figure 6 is a histogram analysis sl-iovving the cell binding activity of 
CDR-grafted hENA-2 (wt) and hENA-2(l.235A). 

■ gamma 4 

Bl noab 

m gamma 4 L235>A 
Q gamma 4 
a no ab 

a gamma 4 L235>A 
Figure 7 is a schematic diagram of the expression vector pENA215. 
Figure 8 is a schematic diagram of the expression vector pR0 102 
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Figure 9 is a schematic diagram of the vectors pMRR015 and 
pMRRO1 1 

Figure 10 shows a graph of the effect of hENA-2(L235A) on IL-1 
induced PMN infiltration in baboon skin 
5 ■ saline injected sites (n=12) 

Jk hENA2(L235A) treated (n=6) 
f saline control treated (n=6) 
Figure 11 shows a graph of the effect of hENA-2(L235A) on TNF 
induced PMN infiltration in baboon skin 
10 ■ saline injected sites (n=1 2) 

^ hENA2(L235A) treated {n=6) 
•f saline control treated (n=6) 
P < 0.05 

Figure 12 shows a graph of the effect of ENA-2 (Fab)'2 and controls on 
15 PfVIN in baboon sl<in after IL-1 induction. 

—6- IL-1 0.1 iig (control) 
-t2s- lL-1 O.liig (treated) 
-Sr- Saline 

Figure 1 3 shows a graph of the effect of ENA-2 (Fab)'2 and controls on 
20 PMN in baboon skin after TNF induction 

~¥r- TNF 5|ig (control) 
-e- TNF 5|ig (treated) 
—A- Saline combined 
P < 0.05 

25 Figure 14 shows a graph of circulating hENA-2(L235A) levels in the 
animals used in figures 12 and 13 as measured by a cell- 
based assay system. 
Figure 15 shows a graph of white blood ceil trafficking in human skin 
xenografts on SCID mice after intradermal challenge with: 

30 BSA ^ 

TNF a 

and i.v. treatment with hENA-2(L235A, S228P). 
Figure 16 shows the effect of hENA-2(L235A) -»— 
hENA-2(L235A, S228P) 
35 IVIOPC 21 . - 
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on the binding of human PMN to E-selectin transfected CHO 
cells. 

Figure 17 shows the results of an experiment to measure complement 

dependent lysis 
5 1A - Total lysis using 10% SDS. 

1 B - Medium alone. 

1C - Medium + complement. 

ID - W6/32 + complement. 

1E - hENA-2(L235A,S228P) + complement. 
10 IF - hENAI_235A) + complement. 

2A - W6/32 + heat inactivated complement. 

2B - hENA-2(L235A, S228P) + heat inactivated complement. 

2C - hENA-2{L235A) + heat Inactivated complement. 

2D ■ hENA'2(L235A) + medium alone. 
15 All error bars are ± 1 standard deviation. 

Figure 18 shows micrographs of haematoxylin and eosin stain sections 

from biopsies of baboon skin with cytokine induced 

inflammation 

A) saline treated animal 
20 B) hENA-2(L235A) treated animal. 

Figure 19 shows the inhibition of binding of human neutrophils to 

human E-selectin transfected CHO cells 

-S- ENA2 IG 
ENA2 FAB2 



DESCRIPTION OF SPECIFIC EMBQDtMENTS OF THE INVENTION 

30 fXAMPLjJ. 

Production of mouse ENA-2 and ENA-2F(ab')2 

The hybridoma producing mouse ENA-2 was grown in DUEM medium 
containing 10% foetai calf serum. Antibocy ;v'>m(i from cell 
supernatants by affinity chromatography cn Protein A-sepharose. This 
35 material was used to prepare F(ab')2 fragments by digestion with 
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bromelain followed by Protein A - chromatography to remove the Fc 
portion and undigested antibody followed by DEAE ion-exchange 
chromatography tc remove the protease. 

5 The first 1 9 amino acid residues of the ENA-2 light chain were determined 
by N-terminal protein sequencing. 

Cloning mENA-2 Variable Domain Genes and Construction of 

10 The heavy and light chain variable domains of ENA-2 were cloned using 
the polymerase chain reaction (PGR). The primers used for the heavy 
chain were the same as described by Jmm and Bendig (1381) (Bio 
Technology g 88-89) with minor modifications to enable fragments to be 
cloned directly into Celltech expression vectors. PGR reactions were 

15 carried out using first strand cDNA (PGR conditions 940 •) rnjn; 550c 1 
min; 720G 1 min for 30 cycles) produced from total RNA by reverse 
transcriptase. The leader sequence primed product was inserted into 
pMR0l4 to produce the chimeric y4 heavy chain vector pENA202. Four 
independent heavy chain clones were sequenced and shown to be 

20 identical except in the leader sequence as shown in Figure la. The ENA- 
2 light chain variable domain (VI) was isolated by PGR using a 5' 
oligonucleotide primer based on the N-temiinal sequence of the murine 
light chain (Figure 1 b) and a framework 4 3' consensus primer. The PGR. 
product was inserted into the vector pR0102 which contains a light chain 

25 leader sequence, thus reconstructing the 5' end of VI gene. Sequencing 
of four independent VI clones only revealed two conservative changes in 
the DNA sequence (figure lb). The reconstructed VI gene was inserted 
into the vector pMR15.l to produce the chimeric Kappa light chain vector, 
pEN201. 

30 Design and Assembly of CDR-Graftsd ENA-2 

The ENA-2 Vh domain showed closest sequence homology to group 1 
human heavy chains. Consequently the CDR grafted version of ENA-2 
was based on the group 1 human antibody Eu. The design of the CDR- 
grafted ENA-2 followed the criteria identified in PCT/GB80/02017. The 

35 CDRs of both Vh and VI were defined according to Kabat et al . (1987) 
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(Sequences of proteins of immunological Interest 4th edition. Washington 
DC: United States, Department of Health and Human Services). The COR 
sequences in Eu were changed to the corresponding ones of mENA-2. 
For the CDR grafted Vh, six framework residues were changed to the 

5 corresponding residues from mENA-2 at Met 48 lie, Val67 Ala (CDR2 
packing residues contacting residue 63) lie 69 Leu, Glu 73 Lys (potential 
CDR2 contacting residues), Ala93 Thr (VhA/l interface residues) and Gly 
94 Val (CDR3 packing residue). In addition the following framework 
residues in Eu were changed to those of the human consensus sequence, 

10 GlulOSTrp, Tyr104Gly, Asn105GlnandGly107Thr. The DNA sequence of 
the CDR-grafted Vh gene is shown in Figure 2a. In designing the CDR 
grafted light chain, six cnanges were made to the Eu framework, MGt48lle, 
SerSOAsp ile63Thr, Glu70Asp, Vallllle Gly113 Arg. At all these 
positions the ENA-2 framework residue is more typical of human VI 

1 5 Antibody sequence than the Eu residue. 

The sequence of the CDR-grafted ENA-2 VI gene is shown in Figure 2b. 
The CDR-grafted variable domain genes were assembled by PGR 
(Daugherty et al (1991) Nucl. Acids Res. 12 2471-2476) using Ipmole of 

20 each assembly oligonucleotide (PGR conditions; 94oc 1 rnin, 550C 1 min, 
720C 1 min for 30 cycles). CDR grafted Vh and VI genes were inserted 
into the vectors pMROl 1, pMR014 and pMRlO.1 to produce the human yl 
heavy chain vector, pENA212, y4 heavy chain vector pENA206 and the 
human kappa chain vector pENA204. pMRIO.1 is a kappa light chain 

25 vector which lacks the Ig/terminator sequence in pMRIS.l (Figure 9). 

Transient Expression of Chimeric ji i i ' t'^'i ENA-2 
Antibodies 

Heavy and light chain genes were co-expressed transiently in CHO-L761 
30 cells (Cockett et al . 1991, Nucl. Acids Res. IS. 319-325) and cell 
supernatants assayed for assembled antibody by ELISA. 

The assembly ELISA for quantifying antibody yields used microwell plates 
coated with a goat F(ab')2 anti-human IgGFc. Following incubation with 
35 transfected culture supernata.nts, bound chimeric or CDR-grafted antibody 
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was revealed with a horse radish peroxidase (HRP)-conjugated murine 
anti-human kappa chain antibody using tetramethyl benzidine (TMB) as 
the substrate. Concentrations of chimeric or CDR-grafted whole antibody 
in the samples were interpolated from a calibration curve generated from 
5 serial dilutions of purified human lgG4 or IgGI antibody standards. 

Purification and Binding Activity of Chimeric and CDR-Grafted ENA.2 
Antibodies 

Recombinant antibodies were purified from cell supernatants by affinity 
10 chromatography on Protein A-sepharose. Antigen binding activity was 
compared to ENA-2 in both cell blocking and competition assays. The cell 
blocking assay was carried out as follows: 

Purified Human Polymorphs Were Pre-lncubated With Anti-CD18 
15 Antibody and Cooled to 4oC to l\/llnimise Integrin Binding. 

Cells {4x 105 Cells/Wall) were Added to CHO Cell Line Transfected 
with the Qene for Human E-Selectin and Incubated for 60 min at A-^C 
in Presence or Absence of Anti-E-Sectin Antibodies. 

20 

Cells were Washed to Remove Unbound Cells. 

Adherent Cells were Lysed and Endogenous Myeloperoxidase 
Activity in Polymorphs was Measured in a TMB Assay. 

25 

The competition binding assay was carried out as follows. 

The non-blocking anti-E-selectin 34.27 was coated onto immunosorp 96 
well plates in 0.1M NHC03 (4oC overnight at 5 \xglm\). The plate was 
30 blocked with 1% BSA (Ih, room temperature) and then the Lectin/EGF 
fragment from E-selectin added at 50 ng/m! (lOOnl/well in PBS room 
temperature for lh). 50|j.l of test sample was then added followed by 50 [l\ 
of biotinylated murine ENA-2 whole antibody. The assay was left at room 
temperature for Ih, streptavidin peroxidase was added and allowed to 



64-25 



PCT/GB95/00692 



incubate at room temperature for a further 30 min. Finally, the plate was 
washed and colour developed with the standard TMB reagent. 



in both assays chimeric and CDR-grafted ENA-2 showed similar potency 
to the mouse antibody. Representative data are shown in Figures 3 and 



The affinity of both mouse and CDR-grafted ENA-2 for E-selectin were 
measured using a BIAcore TH biosensor (Pharmacia). This instrument 

10 combines miniaturised fluid delivery with an optical detection system 
based on surface piasmon resonance, to monitor protein interactions in 
real time (Chaiken et a! . (1991) Anal. Biochem 2^ 197-210). The 
antibodies were immobilised at similar densities onto the sensor surface 
and the lectin/EGF fragment of E-selectin used as antigen in the fluid 

15 phase. 

Assays of both antibodies were ntn at the same time using the same 
dilutions of antigen. The KD measurements are given below. 

20 KP Megsti^mgnt? 

KD (Averaoe^ Duplicates 

ENA-2 5.43 X 1 0-^M (5.38 and 5.48) 

hEN A2 7.98 x 1 0'SM (7.8 and 8. 1 7) 

25 The results indicate that the CDR-grafted ENA-2 retains approximately 
70% of the affinity of the mouse antibody. 

Construction and Ev aluation of Human Heavy Chain Fe Mutents 

Lund et ai i991 have implicated Leu 235 in the Ci2 domain of human 
30 lgG3 heg ^ - < ing of antibody to the high affinity receptor on 
mononuclear Dhagocytes (FcRI). Thus changing Leu 235 to Ala or Glu 
drastically reduces Fcfil binding activity (by approx. 90% and 1 00% 
respectively). In order to produce a version of human lgG4 iacking FcRI 
binding activity Leu 235 in the y4 heavy chain was changed to Ala by the 
35 PGR strand overlap procedure (Ho, S.N. ef a/ . 19S9), the sequences of the 
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mutagenic oligonucleotides are given in Figure 5. Ala occurs at position 
235 in human -yS which does not bind to FcRI. This relatively conservative 
substitution was chosen to minimise the impact of the mutation on the 
immunogenlcity of the igG4 antibody. 

5 

A CDR grafted heavy chain vector containing the L235A mutation 
(pENA211) was constructed and transiently co-expressed with the CDR- 
grafted light chain gene in CHO L761 cells. Antibody purified from cell 
supernatants was evaluated for both antigen-binding and cell binding via 

10 FcRI. Competition assays showed that alteration of the Fc had no effect 
on the antigen-binding activity of the CDR-grafted ENA-2. The binding of 
hENA-2 to THP1 cells which express FcRI and JY cells which do not, and 
neither of which express E-selectin, were compared to hENA-2 lgG4 
L235A as follows. Cells (5 x lO^/ml) were incubated for 1h at room 

15 temperature with either hENA-2 wt or hENA-2 L235A antibodies serially 
diluted in culture medium containing 10% foetal calf serum. The cells 
were washed with phosphate buffered sa!irie/1% bo^fine sartiin albumin, 
and then incubated with a fluorescein labelled goat anti-(human igG Fc) 
antibody for a further 1 h at room temperature. After washing the cells to 

20 remove unbound antibody, the binding of FITC labelled antibody to the 
cells was detected in a FACScan analyser (Becton Dickinson). The 
results shown in Figure 6 confirm that the L235A mutation has removed 
the cell binding activity mediated by FcRI from the hENA-2 antibody. 

25 Expression of CDR-arafted EMA-2 Antibodies in NSO Cells 

hENA-2 (1_235A) was expressed in NSO cells to produce sufficient 
quantities of antibody for functional characterisation in animal models. 
Cell lines were established using the glutamine synthetase selectable 
marker (See published into nsm ici ti r ^WQ 87/04462). A double 

30 gene expression -< -i ng the CDR grafted 

heavy chain gene on a Not-Bam restriction fragment into the CDR-grafted 
light chain vector pENA204 to produce plasmid pENA215 (Figure 7). NSO 
ceils were transfected by eiectroporation and cell lines producing 
recombinant antibody selected using glutamine free media. 

35 
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Capstruction and gxprgsgion of Humgn 74 Hjngg Mutant (922gP) 
Ancai eiM • 1 993) Molecular Immunol. 2fl. 105-108, have shown that 
changing Ser 228 in the hinge of a human ",4 chimeric antibody abolishes 
the formation of half antibody molecules which is a property of natural 
5 lgG4 antibodies. Therefore to reduce the heterogeneity of the hENA-2 
L235A antibody the S228P change was introduced into the molecule. 
Mutagenesis was carried by the PGR strand overlap procedure (HO SN si 
Ml, 1989) using the following primers:- 

10 R5989 

5' CCA TGC CCA TGC CCA GOT AAG CC 3' 

R5990 

5' CCTGGGCATGGTGGGCATQGGGGACC 3' 

15 

The resulting CDR-grafted heavy chain was combined with the CDR- 
grafted light chain in a double gene vector for transfection into NSO ceils. 
Cell lines were established producing the hENA-2 L235A, S228P antibody 
with yields of approximately 400rng/L in suspension cijlture. Th.e, antigen- 
20 binding properties of this antibody vveie indistinguisi-iable from the hENA- 
2-wt and hENA-2 L235A antibodies. However, the formation of half 
antibody molecules was reduced from ~10% to less than 1% as judged by 
SDS PAGE analysis of purified protein. 

25 CDR-grafted hENA-2 heavy chain vector = pENA216 and double gene 

expression vector = pENA217 (see Figure 7). 

Figure 16 shows the effects cf liENA-2 {L235A) and the above derivative 
of hENA-2 {L235A, S228P) on the binding of human PMN to E-selectin 
30 transfected CHO cells. The method was as described previously on 
pages 19 to 20. MOPC-21 is used as a negative control antibody. 

EXAWPLE Z 
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We have investigated tlie effects of ENA-2 F(ab)'2 and the fully 
engineered human variant, hENA-2 (L235A), in cytokine induced 
inflammation in baboons. 

5 Intradermal injections of recombinant human IL-1 a (rhiL-1), 0.1 and 
LOjig/site, and recombinant human TNF a (rhTNF), Sfig/site, were made 
In adult baboons. Injections were made, to a pre-determined random grid 
pattern, at 2, 4 or 8 hours prior to taking full thickness skin biopsies with an 
8mm diameter skin biopsy punch. Each mediator was given as a 0.1ml 

10 injection in triplicate sites at two time points. Light general anaesthesia 
was used for the biop.sies. The tissues were processed for either formalin 
fixed paraffin wax histology vvith haernatoxyiin and eosin staining or chilled 
to -70°C for cryostat sectioning and immunohistochemical analysis. Blood 
samples were taken to determine if the treatment had any effect on 

15 circulating blood -cells and for antibody pharmacodynamic analysis. 
Control animals received an equal volume of intravenous salinfi. 

injection of rhlL-l and rhTNF caused an up regulation of E-sslectin as 
detected immunohistochemicaily and a predominantly neutrophil cellular 

20 infiltrate into the deep dermis. Treatment with ENA-2 F{ab)'2 (5mg/kg iv). 
prior to the cytokine injections attenuated the cellular response at both 4 
and 8 hours. This reduction vi/as significant at the 4 hour time point in the 
TNF injected sites (57% p < 0.05). In a second experiment using the 
engineered human antibody hENA-2{L235A) (3.0mg/kg iv) there was 

25 again a good reduction in cellular inflammation which was significant at 2 
and 4 hours for the TNF injected sites (54% and 45% respectively p < 
0.05). The degree of inflammation in the IL-1 injected sites was reduced 
in both the ENA-2 and hENA-2(L235A) treated animals but this did not 
reach statistical significance. No effect was seen with either antibody on 

30 circulating cells. 

The results are shown in Figures 10 to 13. 

This shows that a whole antibody of neutral isotype can be used to inhibit 
35 leukocyte extravasation at inflammatory sites. This antibody had a long 
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circulating half-life and could still be detected In the circulation 56 days 
after treatment (fig. 14) measured as described below, 

hENA2fL235A) CELL-BASED ASSAY 

AIM To measure levels of hENA2(L235A) in baboon plasma 

samples, in order to investigate the Ab's pharmacokinetics. 

PRINCIPLE E-selectin-transfected CHO cells are grown on 96-weil tissue 
culture plates. hENA2(L235A) in baboon plasma binds to E- 
setectin expressed on cell surfaces and is revealed with a 
murine anti-human lgG4-HRP & TMB. 

REAGENTS Falcon ivlicrotest III Tissue Culture Plates 
E-selectin-transfected CHO's 

CB2 DIVIEM Base -t- 10% Dialysed PCS (tissue culture 
medium) 

Murine anti-human lgG4-HRP, Serotec MCA517P. 

Dulbecco's PBS 

PBS/1 %BSA. 

NMS, Serotec C11 SB. 

TMB substrate. 
STANDARD ^ \AQ PREPARATION 
STANDARD CURVE; 

hENA2 diluted to give top standard of 250ng/ml. Doubling 

dilutions in 1% BSA/PBS to give 125, 62.5, 31.25, 15.6, 7.8 

and 3.9 ng/ml (plus zero). Stored in 0.5ml aliquots at -700C. 
lAC's Controls made up to 60, 25 and 7.5ng/ml hENA2(L235A) in 

1% BSA/PBS. 

Stored in 0.5ml aliquots at -70oC. 
SAMPI.E PREPARATION : 

Samples diluted in l% BS/VPBS at a range of dilutions, from 
1:10,000 down to 1:10, as for the EUSA. 



PRO TO CO L: 



1 . CHO's were plated out into tissue culture plates at lO^/ml 
in tissue culture medium (100 (xl/well), using only the 
middle 60 wells of each plate. 
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2. Cells were allowed to grow to confluence for 48 hours 
before assaying, until a monolayer was obtained. 

3. Medium was removed with a multichannel pipette and 
cells were washed once with 100 ^il/weli PBS (again 

5 using a multichannel). 

4. Ceils were blocked with 1% BSA/PBS, 30 mins, RT, 
shaking. 

5. Plate washed x 2 100 [il/well PBS (with multichannel). 

6. 50 nl/well 1% BSA/2% NMS/PBS was added. 

10 7. 50 M-l/well standard/IAC/sampte, added as appropriate. 

8. Plate incubated 1h, RT, shaking gently. Washed x 2 
PBS. 

9. MaHulgG4-HRP diluted at 1:2000, 100 jil/well added. 

10. Incubated 30 mins, RT, shaking gently. Washed x 2 PBS 
1 5 as before. 

11. 1 00 ^1 TMB substrate/well added and absorbance read at 
630 nm. 

N.B. A multichannel pipette was used to wash the cells and to add each 
20 reagent, the plates were shaken gently, they were not tap-dried, and there 
were only 2 washes with PBS at each stage. These precautions were 
taken to avoid cells being removed from the plate. 

EXAMPLE 3 

25 The engineered human anti-E-se!ectin antibody, the production of which is 
described in Example i (ie hENA-2,L235A,S228P 74 isotype) recognises 
human E-selectin and, under appropriate conditions, prevents PMN 
adhesion to activated endothelial cells. In order to confinn that the 
antibody could Inhibit the migration of leukocytes into human skin in an in 

30 vivo setting a model using human skin grafted onto SCID mice has been 
utilised. This model was first reported by Yan ef g/ (J. Clin invest. £1 986- 
996 (1993)) and has subsequently been used to show that a murine anti- 
human E-selectin antibody can inhibit leukocyte trafficking Yan af a/ (J. 
Immunol 1 52 3053 (1994)). In this model mouse leukocytes 
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(predominantly PMN) migrate into the human skin via human endothelial 
cells in response to injected cytokine. 

METHOD 

5 After anaesthesia, 6-8 week old SCID mice (purchased from Wistar 

Institute) were prepared for transplantation by shaving the hair from a 
5cm2 area on each side of the lateral abdominal region. Two circular 
graft beds approximately 1.5cm in diameter were created on the shaved 
areas by removing full thickness skin down to the fascia. Full thickness 

1 0 human skin grafts were placed onto the wound beds and held in place with 
6-0 non-absorbable monofilament suture material. The human skin 
consisted of neonatal foreskins from elective circumcisions or normal adult 
skin removed during plastic surgens/. Eiach experimental mouse received 
an intravenous injection of 50|ig of anti-E-seiectin Ab in saiine. Control 

15 animals received .no intravenous injection. The graft on the left side of 
each animal was then injected with 50^.1 of normal saline containing a 
small amount of BSA and collodial carbon to identify the injection site. 
The right graft was injected with 6000 units of human recombinant TNFa 
in 50^.1 of norma! saline containing a small amount of colloidal carbon. 

20 After 4 hours the animals were killed and skin sections removed and 
stored in liquid nitrogen. Immunohistology was performed using standard 
techniques and sections stained with antl-murine Mac-1, anti-human 
PECAM-1 and anti-human ICAM-1. This allowed identification of 
Infiltrating murine PMD and confirmed the presence of human endothelial 

25 cells lining the blood vessels In the human tissue. The ICAM staining was 
used as a control to determine that an inflammatory response had been 
stimulated by tne injectsd tnf. Animals not showing upregulated ICAM-1 
expression on basai keraiinocytes following TNF injection were excluded 
from the study. As a further control the saline injected grafts were 

30 examined for infiltrating leukocytes. A percentage of animals show high 
levels of infiltrating leukocytes even In the absence of cytokine injection. 
This may indicate an ongoing rejection of the graft. Animals showing 
greater than 100 lsukocytes/mm2 in the saline injected graft were 
excluded from the study. 

35 
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Multiple sections (four to « ' - ' r-.m the centre of each skin biopsy 
and ihipe to six randomly o^~- ■ ' Ticroscope fields were examined 
and the number of infiltrating leukocytes counted. 

5 A total of 14 animals were included in the study but 4 were excluded 

because the TMF iniertion site in these animals showed no ICAM-1 
uprcQLlat'O" r hasr! ' ^rjiinocytes at the TNF injection site. A further 
animal was excluded from the study because of high levels of infiltration 
leukocytes in the saline injected graft. Four animals received SOng of anti- 
1 0 E-selectin Ab. Four animals received no i.v. treatment. 

EXAMPLE 4 

hENA.2fL235A. S228P> — Complement Dependent Lvsis 
METHOD 

15 Human dermal microvascular endothelial cells, (HMVECS), (Clonetics) 
were plated at 5x1 0^ cells per well into 96 well microtitre plates and 
cultured in Endothelial Growth medium, (EGM), (Clonetics). 
5 Days after plating the cells were labelled with 50Kbq per well 
si()hioiTtium overnight at 37°C. The cells were then washed in EGM and 

20 treated with human TNFa, (R&D Systems), at 20ng/ml in EGM for 6h at 
370c to upregulate E-Selectin. 

The plates were washed 5 times In Dulbecco's modified eagle's medium, 
(DMEM), containing 1% FCS. 

Test samples were then added to the appropriate wells. The monoclonal 
25 antibodies, (W6/32, mouse anti-human Class i; hENA-2(L235A) and 
hENA-2(L235A. S22BP) anti-human E-selectin), were added to give a final 
concentration of 10ng/ml in DMEM + 1%FCS. Rabbit complement 
(reconstituted according to manufacturer's recommendation) was added to 
give a final concentration of 12.5% in DMEM + 1% FCS. Where 
30 appropriate the complement was heat inactivated at 56oC for 35 min. 
Maximum lysis was determined by adding 10% sodium dodecyl sulphate, 
(SOS). After 1h lOOul supernatant was harvested from each well and 
51 Chromium release in CPM determinsd on a gamma counter. Results 
were averages of six replicates. The results are shown in Figure 17. 

35 
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RESULT 

Neither hENA-2{L235A S228P) nor hENA-2(L235A) mediate complement 
dependent lysis of human microvascular endothelial cells under conditions 
whereas the mouse monoclonal antibody W6/32 causes lysis. 

5 

An experiment was carried out to determine the effect of hENA-2(L235A) 
on endothelial cell integrity. The results are presented in Figure 18 which 
shows micrographs (x 1890) of haemotoxylin and eosin stained sections 

10 from biopsies of baboon skin with cytokine (TNF-a, S.Ojxg; 2hr) induced 
inflammation. Upper micrograph shows endothelium from a saline treated 
animal with associated PIVIN infiltrate whilst the lower micrograph shows 
endothelium from a hENA-2(L235A) (3mg/kg) treated animal with only one 
or two associated PMNs. No discernible difference in endothelium 

1 5 integrity can be seen between the two treatments. 

EXAMPLE 6 

Figure 19 shows the inhibition of binding of human neutrophils to human 
E-selectin transfected CHO ceils. The experiment was performed as 

20 described in Example 1 . The figure shows the effects of different versions 
of ENA-2 on neutrophil binding from a donor with Fc receptors that Interact 
with many isotypes. The binding is only partly inhibited by the whole 
murine parent (ENA-2 IG) which is a murine yl antitDody. The binding can 
be inhibited by F(ab')2 of the same antibody showing that most of the 

25 binding is caused by an Fc interaction, The chimeric ENA-2 antibody is a 
full length antibody with the Fc region found in h ENA-2. Tnis clearly does 
not interact with the Fc receptors of this donor and blocks nearly as well as 
the F(ab')2 fragment. 
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CLAIMS 

1 . An antibody having specificity for E-setectin characterised in that said 
5 antibody is a whole antibody of neutral isotype. 

2. An antibody accoidir. c , 'Ivrein one or more amino acid 
residues in the Fc region of said antibody has been altered from that 
in the naturally occurring sequence. 

10 

3. An antibody according to Claim 2 wherein one or more amino acid 
residues in the Fc region of said antibody including residue 235 in the 
CH2 domain has been altered from that in the naturally occurring 
sequence. 

15 

4. An antibody according to Claim 3 wherein a leucine residue at 
position 235 in the CHa domain of the heavy chain has tjeen altered 

to an alanine residue. 

20 5. An antibody according to any of the preceding claims which has a 
human 74 isotype. 

6. An antibody according to Claim 5 wherein the serine residue at 

position 228 of the hinge region has been altered to a proline residue. 

25 

7. An antibody according to any of the claims 1 to 6 wherein said 
antibody is an engineered human antibody. 

8. An antibody according to Claim 7 wherein said antibody has an 
30 antigen binding site wherein at least one of the complementarity 

detennining regions of the variable domain is derived from a non- 
human monoclonal antibody and the remaining immunoglobulin 
derived parts of the engineered human antibody molecule are derived 
from a human immunoglobulin. 
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9. An antibody according to Claim 8 wherein said non-iiuman antibody 
is ENA-2. 

10. A process for the production of an antibody having specificity for E- 
5 selectin characterised in that said antibody is a whole antibody of 

neutral isotype which process comprises: 

a) producing in an expression vector an operon having a DNA 
sequence which encodes an antibody heavy or light chain; 

10 

b) producing in an expression vector an operon having a DNA 
sequence which encodes a oomplenfientary antibody heavy or 

light chain; 

1 5 c) transfecting a host ceil with both operons 

and 

d) cuituring the transfected cell line to produce the antibody. 

11. A process according to Claim 10 wherein one of said opRrons has a 
20 DNA sequence which encodes an antibody heavy or light chain 

comprising a variable domain wherein at least one of the CDRs of the 
variable domain is derived from a non-human immunoglobulin and 
the remaining immunoglobulin derived parts of the antibody chain are 
derived from a human immunoglobulin and said other operon has a 
25 DNA sequence which encodes a complementary antibody light or 

heavy chain comprising a variable domain wherein at last one of the 
CDRs of the variable domain is derived from a non-human 
immunoglobulin and the remaining immunoglobulin derived parts of 
the antibody chain are derived from a human immunoglobulin. 

30 

12. A process according to Claim 10 or 11 wherein at least one of the 

operons has a DNA sequence encoding an antibody heavy chain 
wherein one or more amino acid residues in the Fc region of said 
antibody has been altered from that in the naturally occurring 
35 sequence. 
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13. A process according to Claim 12 wherein at least one of the operons 
has a DNA sequence encoding an antibody heavy chain wherein one 
or more amino acid residues in the Fc region of said antibody 

5 including residue 235 in the CH2 domain has been altered from that 

in the naturally occurring sequence. 

1 4. An antibody according to Claim 1 which recognises the lectin or EGF 
domain of E-selectin. 

10 

1 5. An antibody according to Claim 1 4 which blocl<s greater than 807o of 
human neutrophil binding to E-selectin in an in vitro assay. 

16. An antibody according to Claim 14 or 15 which is hENA-2(L235A, 
15 S228P). 
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FIG . 2a 



chain variable domain. 

AAG CTT GCC GCC ACC ATG GAA TGG AGC TGG GTC TTT CTC TTC 
TTC GAA CGG CGG TGG TAG CTT ACC TCG ACC CAG AAA GAG MG 



TTC CTG TCA GTA ACT ACA GGA GTC CAT TCT C*,C 

A?r G^r AfT rsT tg? tct rcT cag gta aga t 



; CCT GGA TCT '. 



ACA GGA GGA ACA GCC TAC AAT CAG AAG TTC AAG GGA AGA GCA ACA CTG 

TGT CCT CCT TGT CGG ATG TTA GTC TTC AAG TTC CCT TTT CGT TGT GAC 



ACA GCA GAC AAG TCT ACG AAT ACC GCC TAC ATG GAG CTG TCT TCT CTG 
TGT CGT CTG TTC AGA TSC TTA TGG CGG ATG TAC CTC GAC AGA CCT GAC 
TADKSTNTAyMELSSL> 



AGA TCT GAG GAC ACA GCA GTG TAC 
TCT AGA CTC CTG TGT CGT CAC AAG 
RSEDTAVY 

TAC TGG GGA CAG GGA ACA CTG GTG 
ATG ACC CCT GTC CCT TGT GAC CAC 

yWGQGTLV 



TAC TGT ACA GTG CTC AGA ATG GAC 
ATG ACA TGT CAC GAG TCT TAC CTG 
YCTVLRMD> 

ACA GTG TCT TCT 
TGT CAC AGA AGA 

T V S S 
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FIG. 2b 



Light chain variable domain. 

GGA CTG TTC GAA GCC GCC ACC ATG TCT GTC CCC ACC CAA GTC CTC GGA 
CCT GAC AAG CTT CGG CGG TGG TAG AGA CAG GGG TGG GTT CAG GAG OCT 

MSVPTQVLO 

CTC CTG CTG CTG TGG CTT ACA GAT GCC AGA TGC GAT ATC CAG ATG ACT 
GAG GAC GAC GAC ACC GAA TGT CTA CGG TCT ACG CTA TAG GTC TAC TGA 

LLLLWLTDARCDIQMT> 



CAG AGT CCA ACT ACT CTC AGT GCC AGT GTA GGT GAT AGG GTC ACC ATC 
GTC TCA GCT TCA TGA GAG TCA CGG TCA CAT CCA CTA TCC CAG TGG TAG 
Q S ? S T L S A S V G D R V T I> 



ACT TGT AAG TCT TCT CAA TCT CTC TTA hAC TCC GGT AAC CAG CAG AAC 
TCC ACA TTC AGA AGA GTT AGA GAG AAT TTG AGG CCA TTG GTC GTC TTG 
TCKSS QSLLKSGNQQN> 



TAC CTC ACT TGG TAC CAG CAG AAA CCA GGT AAA GCC CCA AAG CTC CTC 
ATG GAG TGA ACC ATG GTC GTC TTT GGT CCA TTT CGG GGT TTC GAG GAG 
YLTWYQQKPGKAPKLL> 



ATC TAT TGG GCC TCT ACT AGG GAA TCT GGT GTA CCA GAT AGA TTC ACT 
TAG ATA ACC CGG AGA TGA TCC CTT AGA CCA CAT GGT CTA TCT AAG TGA 

IYWASTRESGVPDRFT> 



GGT AGT GGT AGT GGT ACT GAT TTC ACT CTC ACT ATC AGT AGT CTC CAG 

CCA TCA CCA TCA CCA TGA CTA AAG TGA GAG TGA TAG TCA TCA GAG GTC 
GSGSGTDFTLTISSLQ> 

CCA GAT GAT TTC GCC ACT TAT TAC TGT CAG AAC GAT TAC GAT TAC CCA 

GGT CTA CTA AAG CGG TGA ATA ATG ACA GTC TTG CTA ATG CTA ATG GGT 

PDDFATYyCQNDYD"fP> 



TTA ACT TTC GGT CAG GGT ACT AAA GTA GAA ATC AAA CGT 
AAT TGA AAG CCA GTC CCA TGA TTT CAT CTT TAG TTT GCA 
LTFGQGTKVEIKR 
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FIG. 18 
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